Abstract Restriction of food intake leads to immunologic and histomorphological changes in rats demonstrated by Moriyama. This study is planned to show how sleeve gastrectomy restricts food intake and its effects on biochemical liver function, immunologic and hematologic laboratory parameters, and histomorphological changes in rats. We used sleeve gastrectomy model on seven young adult female rats and compared study group with sham and control groups. Food consumption of rats was measured. All rats were sacrificed on the 50th day, and blood and tissue samples were collected. There was a significant low food intake in sleeve gastrectomy group (p=0.013). No differences were observed on hematologic, biochemical, and immunologic laboratory parameters between groups. Toxicity parameters in liver samples such as cytoplasmic atrophy, single-cell hepatocellular necrosis, and necrotic eosinophilic cells were significantly high in sleeve gastrectomy group (p=0.005). Histomorphological examination of the spleen and kidneys revealed significant changes in sleeve gastrectomy and sham groups compared with controls (p=0.004 and p=0.018, respectively). Although sleeve gastrectomy does not lead to alteration in hematologic, biochemical, and immunologic laboratory parameters, it causes decreased food consumption, which results in toxicological histomorphological changes in rat liver as well as some changes in kidney and spleen samples.
Introduction
Severe obesity is a worldwide public health problem. It has morbidity-mortality and high costs for the public health care systems, but weight loss leads to the improvement or disappearance of its comorbidities [1] . In fact, surgery is the only method capable of maintaining proper and long-lasting weight loss [2, 3] . Surgical techniques are based on food intake restriction, malabsorption, or both. On the other hand, all of the operations have some complications and the search for less aggressive treatments led to the development of sleeve gastrectomy (SG) [4] . SG decreases the gastric capacity without altering the continuity of the upper digestive tube, maintains access for endoscopic examination, and allows an additional operation in case of weight loss failure or weight regain [5] .
The prevalence of extreme obesity is greater in women than men (7 versus 3 %), so women are more likely to undergo bariatric surgery [6] . Although most patients undergoing bariatric surgery are women, a few female genderspecific animal studies have been developed. Although women disproportionately undergo bariatric surgery, the rodent models investigating the mechanisms of bariatric surgery have been limited to males. Female rodent models can also potentially allow us to understand the effects of surgical intervention on future generations of offspring. SG is an attractive weight loss procedure for reproductive age female patients because it avoids the malabsorption associated with intestinal bypass.
SG leads to less amount of food consumption. On the other hand, during the course of toxicity studies for new drug candidates, treatment-related decreases in body weight related to decreased food consumption are often observed concomitantly with changes in clinical pathology and histopathology. Moriyama et al. evaluated the effects of decreased food intake on a wide range of toxicological parameters including general condition, body weight, ophthalmology, clinical pathology, and anatomic pathology in a dietary-optimized rat model. They reported histomorphological remarkable changes including erythrophagocytosis in the spleen/liver and renal tubular necrosis with hyaline cast/droplets in 25 % of the group, in addition to bone marrow depletion, lymphoid depletion in the thymus/spleen/lymph node, and/or decreased secretion in prostate/seminal vesicle in all restriction groups [7] . There are few references in the literature, which have indicated the decreased amount of food intake in rats by SG as well as its effects on hematological, biochemical, and immunological laboratory results and in histomorphological changes in rats. We presented how SG can decrease the food intake and its effects on some toxicity study parameters in a female rodent model.
Material and Method
This trial was approved by the Marmara University Animal Ethics Committee (17.12.2009-89.2009 .mar). Seventeen 6-month-old female Wistar-Albino rats were kept in individual cages at room temperature, respecting light/dark cycles, and they received standard solid food to get accustomed to the environment in order to decrease stress. Seven rats had SG and five had laparotomy and stomach manipulation, the latter being the sham group. No medication and surgical procedure was performed on five animals in the control group.
Animals in SG and sham groups received a special liquid diet composed of 5 % glucose + 0.9 % saline solution on the day prior to surgery, to have the least possible volume of food remnant in the gut. Only sterile surgical materials were used. Antibiotic prophylaxis was applied with 50 mg/kg intramuscular ceftriaxone 30 min prior to the procedure, and 75 mg/kg ketamine and 10 mg/kg xylazine were used for analgesia and anesthesia. Upper median laparotomy was conducted, stomach was exposed, and its contents were emptied into the small bowel. In the SG group, adherences were released, and vessels of gastric greater curvature were cauterized with a thermal cautery, from the cardia to pylorus. A SG was performed; about 70 % of gastric tissue is resected, including most of the fundal portion [8] . The remaining stomach was closed by 5/0 polypropylene. In both groups, laparotomy was closed in a continuous single plane with polypropylene. To avoid dehydration, 10 ml of saline solution was injected in subcutaneous tissue. All animals were kept in separate boxes. Upon resuming oral nutrition, all animals were given a liquid diet composed of 5 % glucose + 0.9 % saline solution for 3 days, after which standard solid feed was allowed. Daily amount of consumed solid food were measured individually. On day 50, all the rats were anesthetized and sacrificed after blood samples were taken for liver and immunologic tests, as described by Castelan. The liver, kidney, and spleen were excised and fixed in 10 % formaldehyde and paraffin-embedded sections were stained with hematoxylin and eosin for histomorphological examination under light microscopy. A single pathologist performed pathological review of all specimens.
We investigated cytoplasmic atrophy, single cell hepatocellular necrosis, and necrotic eosinophilic cells in the liver; hyaline drops, cortical hyaline accumulation, and tubular necrosis in the kidney; and lymphoid depletion and erythrophagocytosis in the spleen. According to Moriyama, the observed histomorphological changes were scored from mildly (+), moderately (++), to severely (+++) positive [7] . The liver, kidney, and spleen and also total histomorphological scores for each group were calculated.
Statistical Analysis
The results were analyzed with computer program Number Cruncher Statistical System 2007 and PASS 2008 Statistical Software (Utah, USA). Parameters were compared by analyzing with Kruskal-Wallis and MannWhitney U tests. Level of significance was accepted as p<0.05 and p<0.01, respectively.
Results
One of the rats in the SG group died on the second postoperative day due to intra-abdominal sepsis. There was a significant difference between daily food consumption of the groups: SG group had the lowest amount of daily consumption compared to the other groups (p=0.013) ( Table 1 ). There was no significant difference in WBC, aspartate aminotransferase (AST), alanine aminotransferase (ALT), total protein, albumin, IgA, IgG, and IgM blood levels between the groups (p=0.214, p =0.463, p = 0.211, p = 0.206, p = 0.058, p = 0.435, and p=0.974, respectively) ( Table 2 ).
All rats showed mild positivity in SG group, whereas only two rats showed mild (+) cytoplasmic atrophy in the sham group, and none in the control group. Single-cell hepatocellular necrosis was observed only in one rat of the SG group but none among the other rats. All rats in the SG group had mild (+) tubular necrosis, but none had in the sham or control groups. Only two rats in the SG group showed mild (+) hyaline droplets and three rats showed moderate positivity in sham groups, whereas none in the control group. None of the rats had hyaline accumulation in the renal cortex. In the SG group, four rats showed mildly decreased positivity and two rats showed moderately decreased positivity in the lymphoid tissue. In sham group, two rats showed mildly decreased positivity and one rat showed moderately decreased positivity in the lymphoid tissue. Mild (+) erythrophagocytosis was observed in one rat in the SG group and one in the sham group. No histomorphological change was observed in the spleen of the control group.
There was statistically significant changes in liver scores (p=0.005). The score of the SG group was significantly higher than the other two groups (SG versus sham groups, p=0.032, and SG versus control groups, p=0.002). There was no statistically significant difference between the sham and control groups (p=0.134). There was a statistically significant change in the scores of histomorphological change in the kidneys (p=0.023). The scores of the SG and sham groups were significantly higher than those in the control groups (p=0.003; p=0.05), but no statistically significant change was observed in the SG and sham groups (p=1). There was significant differences in the scores of histomorphological changes in the spleen (p = 0.017). The score of the SG group were significantly higher than those in the control groups (p = 0.003), but no significant change was observed in SG and sham groups (p=0.438). The score of the sham group was not statistically more significant than that of the control group (p=0.05). The scores of total histomorphological changes showed statistically significant differences in all groups (p = 0.006). The scores of total histomorphological changes were significantly high in the SG and sham groups (p = 0.004 and p = 0.018, respectively), but no statistically significant change was observed between SG and sham groups (p=0.150) ( Table 3) .
Discussion
SG is a bariatric surgery used worldwide with fundus resection and decreases the level of ghrelin without malabsorption component. In addition, it is also the preferred method in patients with comorbid diseases because it is rapidly performed, simple, and with a low morbidity rate [9] . SG strongly decreases the level of fundus secretion of appetizing ghrelin and improves and even leads to remission of type II diabetes mellitus [10] . SG becomes popular and also is one of the most frequently encountered surgical approaches, but its side effects and long time results are not well known.
The present study was one of unique studies in that it focused on female rodents, which demographically represent the gender most likely to undergo bariatric surgery in humans [6] . Nearly 80 % of patients undergoing bariatric surgery are women, and 35 % are of reproductive age. It is important to evaluate both the potentially beneficial and the potentially deleterious effects of bariatric surgery on reproductive age women. Reproductive age women are also of particular interest because of the link among maternal obesity, gestational diabetes, adverse perinatal outcomes, and transgenerational transmission of a metabolic phenotype to the offspring. Despite previous concerns about the potentially deleterious effect of bariatric surgery on maternal nutrition, bariatric surgery has been demonstrated to improve maternal outcomes and likely improves neonatal outcomes [11, 12] . Although women disproportionately undergo bariatric surgery, the rodent models investigating the mechanisms of bariatric surgery have been limited to males. Female rodent models can also potentially allow us to understand the effects of surgical intervention on future generations of offspring. SG is an attractive weight loss procedure for reproductive age female patients because it avoids the malabsorption associated with intestinal bypass. SG also leads to low food consumption in animal models. Moriyama studied the effects of low food consumption in rats and its relationship with toxicological parameters in 2008 [7] . Toxicological parameters are often affected by decreased amounts of food consumptions. They evaluated the effects of food amount reduction on a wide range of toxicological parameters including general condition, body weight, ophthalmology, clinical pathology, and anatomic pathology in a dietary-optimized rat models. Moriyama classified rats into groups and supplied them with different amounts of food; for example, some groups even ate 4-6 g in a day. After 2 weeks, mortality, hemolysis, hemoglobinuria, hemoconcentration, increased blood AST and ALT levels, decreased glucose, and protein levels were more observed at the lowest amounts of food consumed by the groups. Even more histomorphological changes, such as renal tubular necrosis and hyaline accumulation, decrease in lymphoid tissue observed in least food consumption group [7] . In our study, the effects of SG model, which was defined by Castellan, were investigated on rats [8] . The food intake of groups was 16 g/day in SG, 18 g/day in sham group, and 21 g/day in control group. The reduced food intake in the SG group compared to the control was nearly 22 %. Moriyama noted an increase in erythroid parameters; decreases in leukocyte, thrombocyte and reticulocyte counts decrease in glucose, total protein, and albumin, whereas increases in AST, ALT, and blood urea nitrogen electrolyte imbalance lymphoid depletion and erythrophagocytosis in lymphoid tissue cytoplasmic atrophy and hepatocellular single cell necrosis in liver and tubular necrosis and hyaline droplet in the kidneys in the group with 25 % food reduction [7] . In our study, we have not detected such remarkable changes, but we have noted that the SG procedure has caused significant histomorphological changes in the liver compared with the sham and control groups. On the other hand, the SG and sham groups had more histomorphological changes in the kidney and spleen than the control group. These findings have indicated that there were also some histomorphological effects, which were attributable to other factors than SG. On the other hand, some of these effects may be different in humans after a laparoscopic approach. The laparoscopic approach is less harmful and most commonly used in surgical practice.
In the literature, some studies have presented the metabolic effects of SG in rats, especially on ghrelin and lipid profiles. The most important production site of ghrelin is the fundus of the stomach. It is resected during SG and leads to very serious decrease in ghrelin levels [13] . Low level of ghrelin has been considered as , and higher adiponectin levels (0.43±0.19 versus 17±0.14 ng/ml; p<0.004) compared with the shamoperated rats and no significant differences were found in the fasting ghrelin levels. Furthermore, they did not observe evidence of insulin resistance or steatohepatitis after 11 weeks of high-fat diet. They conclude that SG appears to result in weight loss and improvements in adiponectin and leptin by way of mechanisms independent of ghrelin levels in a female model of diet-induced obesity [14] . Masuda et al. evaluated the efficacy of SG in comparison with gastric banding in an obese diabetic rat model. The gastric banding and SG groups showed significant decreases in weight, cumulative intake, and metabolic parameters and significant improvement of oral glucose tolerance test (OGTT) and insulin tolerance test (ITT). There were no significant differences in weight and cumulative food intake between the groups. However, the SG group showed significantly higher gastric emptying rate and plasma level of adiponectin and lower plasma levels of free fatty acid, total cholesterol, and ghrelin compared with the gastric banding group. Furthermore, the SG group showed improvement of OGTT and ITT results in comparison with the gastric banding group. They concluded that in obese diabetic rats, SG may improve glucose and lipid metabolism compared with gastric banding, although there was no significant difference in the effect on body weight loss between the two procedures. The hormonal and digestive changes induced by SG may have relevance to the effects on metabolism [15] . Wang and Liu reported from their study that body weight control provided by SG could relieve high-fat diet-induced steatohepatitis in rats [16] . Stefater et al. reported that rats receiving vertical SG and high-fat diets reduced postprandial levels of plasma lipid, resulted from reduced intestinal secretion of triglycerides following ingestion of a lipid-rich meal, and indicated that vertical SG had important effects on metabolism [17] . Chambers et al. had adapted two bariatric surgical procedures commonly employed in humans to a rat model to begin to understand the mechanisms underlying the improvements in energy homeostasis. Young adult male rats received either Rouxen-Y gastric bypass or vertical sleeve gastrectomy and both had comparable beneficial effects relative to controls. They ate less food and lost more weight, and they both had improved glucose parameters. The two surgical procedures had such similar effects in spite of having quite different rearrangements of the gastrointestinal system [18] . One of the limitations of the present study was the short follow-up of 50 days. However, this period is equivalent to 3 human years [19] . Although we could not exclude the potential for weight regain after SG, other investigators have demonstrated that weight loss is maintained at 15 weeks after SG in rodents [20, 21] . In human beings, the failure of weight lost after SG has been explained by the dilatation of the stomach. Langer has observed gastric dilatation with contrast-enhanced upper GIS series in one patient, and weight gain after weight lost in 3 out of 23 patients in 12 months [22] . In rats, postmortem examinations revealed that the dilation of resected gastric tissue reached nearly normal size, and dilatation of remnant gastric tissue in SG has been also observed in our study (Fig. 1) . On day 50, dilatation of gastric tissue could be explained by the feeding habit of rats. In the SG group, dilatation of remnant gastric tissue may be explained by continued food consumption in small amounts, with hard pellet, without long interruption during the whole day. Another limitation of the present study was the relatively high complication rate in these relatively young female rats. These results were obtained after several pilot studies, technique refinements, and the development of a rigorous perioperative care protocol. Despite these efforts, we observed that the aglandular forestomach in rodents remains susceptible to the development of a leak or abscess.
In conclusion, increasing indications of SG has led to investigate and understand long-term side effects of SG. In our study, SG has decreased the food intake in rats but has not changed biochemical, hematological, and immunological laboratory parameters, along with renal and splenic histomorphology. It has led to some significant toxicological histomorphological changes on the liver of rats in a short duration. Its long time effects should be investigated with prospective clinical studies. Fig. 1 Gastric dilatation of remaining stomach at 50th day of operation. Notice the fully filled stomach
